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Introduction

This International Standard establishes a method fer<meg
photographic characteristics of papers used for printing from
ages which will aid users to select the appropriate products
plications. ISO speed and ISO range are two(measurement
important for this purpose.

Studies have shown that highly acceptable prints are genera
the log exposure range (LER) of a photographic paper is eq
fective density range of the negative." Therefore, ISO rangg
rectly related to LER provides ajyuseful criterion for grading g
diversion from this criterion can~be required to obtain optim
cause of subject matter, individual preferences, and paper g
such as Dy, surface and curve shape.

Each manufacturer has established a unique system for grad
and designations which makes it extremely difficult for use
products which-are comparable for printing characteristics. T
number is introduced to reduce this source of confusion.

ISO range’is not a measure of image contrast, but a useful

suring those
negative im-
for their ap-
s considered

ly obtained if

ual to the ef-

, Which is di-
apers. Some

im prints be-
haracteristics

ing of papers
rs to identify

he I1SO range

guide for sel-

ecting.the proper paper (or the proper filter for variable contlast paper) for

a given effective negative density range, and for comparing
various manufacturers. Print image contrast can be specifieq
ferent types of objective measurements in relation to two sp
on the paper characteristic curve

roducts from
by three dif-

ecified points

a) difference in density between the two points (density range);

b) the slope of a straight line connecting the points (average

gradient); and

¢} the difference in log exposure for the two points (log exgosure range).

Of the three, log exposure range is most closely associgted with the

concept of paper contrast grades (see annexes B and C).

The diffuse density range of a negative is not an accurate measure of the
illuminance range at the printing plane when printers are employed that
have specular type optical systems. Since conditions which satisfy the
diffuse density criteria normally exist only in contact printing, the term
“effective density range” has been introduced (see annex A).

It is the effective density range of the negative which should be matched
with the log exposure range of the printing material in the usual projection

printing mode for optimum tone reproduction.

1) JONES, L.A. and NELSON, C.N. Control of Photographic Printing: Improve-

ments in Technology and further Analysis of Results. Journal of the
of America, 38 (11):1948.

Optical Society
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The effective density range of a negative image can be calculated from the
measured SO diffuse transmission density range by applying the proper
correction factors for specularity and flare to the values. Alternatively, the
illuminance range can be measured in the printing plane with a suitable
photometer (see annex A).

Most manufacturers have classified photographic papers by using a grade
number ranging from 00 to 6. The larger the grade number, the greater is
the contrast within a specific line of papers.

ISO range numbers will generally be lower as contrast increases. The
concept of ISO range was adopted recognizing that users generally

evaluate the density range of a negative (visually) in selecting the paper
grade to use. If the density range is small, a paper with a small ISO range
number should be used. It will take time to adapt to this new concept, but
establishing ar internationally accepted method of classifying papers in
this manner will have significant long-term benefits for users.

It is not feasible to include provisions in this International Standard for the
wide range of pxposing conditions used in the trade. For this reason, the
interpretation qf the speed and range numbers obtained by following the
procedures hefein are possibly not directly applicable when products are
exposed using [sources other than a tungsten lamp operating at 2 856 K.

Since a particylar paper is designed to provide optimum results in par-
ticular processes, this International Standard does not specify one single
process. To do|so would be considered unduly restrictive and could resit
in yielding ISO[speed and ISO range numbers which were not typical of
those obtained|in processes specified by the manufacturer.
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Photography — Black-and-white continuous-tone
papers — Determination of ISO speed and ISO range

for pri

1 Scop

nting

This InternItional Standard specifies the method for

determining
and-white
reflection
black-and-w
ventional s
used for ¢
This includ
pers may b
equipment,
those invol

This Intern;

the 1SO speed and ISO range of black-

hotographic papers used to make positive
prints of continuous-tone subjects from
hite film negatives. It pertains to all con-
Iver-halide contact and enlarging papers
ontinuous-tone or. pictorial photography.
bs papers with variable contrast. The pa-
b processed in conventional chemicals and
but also using special procedures such as
ing activators or heat for development,

tional Standard does not apply to:

a) non-silver papers;

b) high cor
the grag

trast silver papers, such as-those used in
hic arts, or other non-pictorial applications;

c) silver pgpers used to obtain-a’direct poéitive or

reversal

image. :

2 Normiative references

The follow
through re
of this Inte
tion, the e

ng standdrds contain provisions which,
rence™in this text, constitute provisions
national Standard. At the time of publica-

— Part 4: Geometricy conditions f

density.

ISO 554:1976, Standard atmospheres fo
and/or testing-= Specifications.

ISO 6728:1983, Photography — Cams
Determipation of ISO colour contri
(1ISOLECI).

ISO/CIE 10526:1991, CIE standard
il/um/'na_nts.

3 Definitions

For the purposes of this International
following definitions apply.

3.1 exposure?, H: The time integral g

br  refiection
r conditioning

ra lenses —
bution index

colorimetric.

Standard, : the

f illuminance

on the paper measured in lux seconds and designated

by the symbol H. Exposure is often expr
ten logarithmic form.

3.2 speed: A guantitative measure of
of the photographic material to radiant g

pssed in base

the response
nergy for the

specified conditions of exposure, proces
age measurement. -

sing, and im-

are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibility of applying the most re-
cent editions of ‘the standards indicated below.
Members -of IEC and ISO maintain registers of. cur-
rently valid International Standards.

ISO 5-3:1984, Photography — Density measurements
— Part 3: Spectral conditions.

ISO 5-4:1983, Photography — Density measurements

2) CIE 17.4 uses the term “luminous exposure”.

3.3 log exposure range, LER: The range of log ex-
posure values normally used to produce a final print.
It is the difference in log exposure values required to
produce two specified densities on the paper.

3.4 minimum density, D.;,: The minimum density
value obtainable from an unexposed sample of the
product following the process used in the ISO speed
determination.
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4 Sampling and storage

In determmlng the I1SO speed and ISO range of a
product, it is important that the samples evaluated
yield the average results obtained by users. Prior to
evaluation, the samples shall be stored according to
the manufacturer's recommendations for a length of
time to simulate the average age at which the product
is normally used. To assure that all components of
variance are included in the sampling plan, it is rec-
ommended that procedures such as those outlined in
ISO Standards Handbook 3 be used. Other suitable

If this International Standard is followed in all respects
except that the light from the source is modified by
a filter, as in the case of variable contrast papers, this
International Standard may be complied with by indi-
cating that the speed and range quoted apply to the
specific combination of paper and filter used.

5.3.4 Modulation

The total range of spectral diffuse transmission den-
S|ty W|th respect to the paper pIane of each area of

reference sourpes—aregiverrmthe bittiography:

5 Test method

5.1 Principle

Samples are exposed and processed as specified be-
low. Density measurements are obtained from the
resultant image to produce a sensitometric curve from
which measur¢ments are taken and used to deter-
mine ISO speef and ISO range values.

5.2 Safelights

To eliminate the possibility of safelight illumination
affecting the s¢nsitometric results, all papers shall be
handled in complete darkness until thoroughly fixed.

5.3 Exposure

5.3.1 Sample condition
During exposure, the samples shall Be)held at a tem-

perature of 23|°C + 2 °C and a_relative humidity of
(50 £ 5) % in gccordance with 1SO 554.

5.3.2 Type of sensitometer

The sensitometer _Shall be a non-intermittent,
illuminance-scale type.

thetight-modutatiomthroughoutthewavetength inter-
val from 400 nm to 700 nm shall not exceed 5 % of
the average density, or 0,03 density units, whichever
is greater. In the interval from 360 nm td 400 nm,
10 % of this same average densjty or 0,46 density
units, whichever is greater, is-a¢ceptable.

If stepped increment mddulation is used, the in-
crement of log,oH shall\n6t be greater than|0,15. The
width and length of a_single step shall be adequate to
obtain a uniform density area (devoid of pdjacency
effects) within «the reading aperture spegified for
densitometry {se¢ 5.5).

If continuous variable modulation is used, the change
in log,oH,with distance along the test strip shall be
uniforand shall be not greater than 0,04| per milli-
mette.

5.3.5 Exposure time

The exposure time shall be between 0,1 s|and 10 s
corresponding to the usage practice for the|particular
paper tested.

Since the speed of paper is dependent op the ex-
posure time because of reciprocity law failure effects,
the exposure time used for determining|the ISO
speed and ISO range should be specified in the use
instructions.

An area of the paper shall be left unexposegl in order
to produce the minimum density possible.

5.4 Processing

5.3.3 Radiant energy quality

The spectral power distribution of the illuminant shall
be that of a black body radiator operated at a tem-
perature of 2 856 K (CIE standard illuminant A as de-
scribed in ISO/CIE 10526) modified by the ISO
standard camera lens as described in ISO 6728.

5.4.1 Conditioning of samples

In the time interval between exposure and process-
ing, the samples shall be kept at 23 °C + 2 °C and a
relative humidity of (50 + 5) %. The processing shall
be completed between 1 min and 2 h after exposure.
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Figure 1 — Sensitometric curve
5.4.2 Processing specifications other sensitometric and physical charjges can also

No procegsing specifications are described in this

erally apply : -
cordance W|th thelr recommendatlons to produce the
photographic characteristics specified for the process.
Process information shall be available from the paper
manufacturers or others who quote ISO speed and
ISO range. This information shall specify the chemi-
cals, times, temperature, agitation, equipment and
procedure used for each of the processing steps, and
any additional information (such as drying conditions
that effect gloss) required to obtain the sensitometric
results described. The values for speed and range
obtained using various processing procedures can
differ significantly. Although different speeds or
ranges for a particular paper.can be achieved by vary-
ing the processes, the user should be aware that

accompany the speed and range changgs.

5.5 Densitometry

The ISO standard visual reflection dengity of the pro-
cessed paper vimages shall ‘be meagured using a
C C netric require-
ments specnfled in 1ISO 5- 4 and the spectral require-
ments specified in 1SO 5-3. Readings shall cnly be
made on uniform areas of the exposures.

5.6 Evaluation

5.6.1 Sensitometric curve

The ISO standard visual reflection density values are
plotted against the logarithm to.the base 10 of the
corresponding exposures, H, expressed in lux sec-
onds to obtain a sensitometric curve similar to that il-
lustrated in figure 1.
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5.6.2 Minimum density, D,

The minimum density shall be determined from un-

multaneously with the

5.6.3 Maximum density, D

Table 1 — ISO speed

increasing expdsure.

Dy = Drnay T Drmin

. l0910Hm
exposed samples of the same paper processed si-
sample exposed for ISO speed
determining the sensitometric curve.
from to
-0,55 -0,46 P3200
-0,45 -0,36 P2500
nax -0,35 -0,26 P2000
-0,25 -0,16 P1600
The value D,,,, represents the density of the sample ~015 -0.06 P1250
whose density [does not systematically increase with - 0,05 0,04 P1000
0,05 0,14 P800
0,15 0,24 P640
0,25 0,34 P500
0,35 0,44 P400
5.6.4 Maximym net density, D 0,45 0,54 P320
0,55 0,64 P250
The value Dy |represents the maximum reflection 0,65 0,74 P200
density of the gample, adjusted for D,;,. This value is 0,75 0,84 P160
called maximurp net density and relates to the maxi- 0,85 0,94 P125
mum image contrast achievable on the paper (see
figure 1). It is dérived from the formula: 0,95 1,04 P100
1,05 1,14 P80
1,15 1,24 P64
1,25 1,34 P50
1,35 1,44 P40
1,45 1,54 P32
1,65 1,64 P25
1,65 1,74 P20
1,75 1,84 P16
1,85 1,94 P12

6 Product classification

6.1 Speed calculation

Raw speed vallies, S, are derived.from the formula;

_ 1000
S = i,

where

H, s the-exposure, in lux seconds, required
to ptoduce a density of 0.60 above D_,

6.1.2 1ISO speed of a product

The ISO speed of a product (as distinguished from
that of a specific sample) shall be based on|the arith-
metic mean of the base ten logarithms of exposures,
log1oH, ON a statistical sampling of the profuct. The
samples shall be chosen such that all the components
of variance are included and shall be stored ahd tested
as specified above (see clauses 4 and 5).| The ISO
speed of a product with proper rounding is then de-

tarrninad frams tha Ay arass aly aof laa

6.1.1 ISO speed

ISO speed can be obtained directly from log,oH,,, us-
ing table 1 which effectively rounds the raw speed
value to one of the designated ISO speeds in the ISO
speed scale. First determine log,oH,, to two decimal
places from figure 1. The appropriate log,oH,, range is
then selected from the two columns on the left side
of table 1 and the corresponding ISO speed is found
in the right hand column of table 1.

termthea—trom—theaverage—varde—oT19 1 b use
) 310‘

of table 1.

Since ISO speed is dependent on the processing
conditions, these should be indicated when quoting
ISO speed values.

6.1.3 Accuracy

The calibration of the equipment and processes in-
volved in determining ISO speed shall be adequate to
ensure the absolute value of the error in logoHy, iS
less than 0,05.
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6.2 Range calculation

Raw range values, R, are derived from the formula:
R = 100(log;oHs — logof7)

where

Hg

Hy

is the exposure required to produce a
density which is 0,90 Dy, and

is the exposure required to produce a
density of 0,04 above D,,.

ISO 6846:1992(E)

7 Product marking and labelling
7.1 ISO speed

Speed of a product determined by the method de-
scribed in this International Standard and expressed
on the scale of table 1, shall be designated ISO speed
and denoted in the form of “ISO P100", or “ISO pa-
per speed P100".

7.2 ISO range

Points S and T generally correspond to the largest and

smallest e
an averag

(logypHs |

posures the paper would receive through

e negative in producing a good print.

bg10HT) is called log exposure range (LER)
).

(see annex B

6.2.1 ISQ range

ISO rande can be

(logyoHs — |

obtained directly from
pg,of7) using table2 which effectively

rounds thel raw range value to one of the designated

ISO range
mine (log,
figure1. T
then selec

values in the ISO range scale. First deter-
\Hs — log,oHy) to two decimal places from

ne appropriate (log,oHs — logqoHy) range is
ed from the two columns on the left side

of table2 @and the corresponding I1SO range is found
in the righy hand column of table 2.

scribed in this International Standard ‘and expressed
on the scale of table 2, shall be designated ISO range
and denoted in the form of (4SO R140", or “ISO
range 140",

Range of a product determined by tr% method de-

7.3 General

Since the ISO speed and ISO range aré not only de-
pendent on the paper product, but alsp the process
used to develpp the image, the procesping specifica-
tion should{be given whenever possible(when quoting
the values. An abbreviated form may |be used, e.g.
“1SQ P100 (developer D-72)".

Table 2 — ISO range

logoHs — logsoHr
6.2.2 1SQ range of a product
ISO range
The I1SO rapge of a product (as distinguished from;that from to
of a specif|lc sample) shall be based on the arithmetic
mean of the log exposure ranges determined from a 0,35 0,44 RUO
statistical gampling of the product. Thessamples shall 0,45 0,54 RBO
be chosen| such that all the components of variance 0,55 0,64 RGO
are includgd, and shall be stored and tested as speci- 0,65 0,74 R0
fied above|(see clauses 4 and 5). The I1SO range of a 0,75 0,84 RBO
product with proper rounding is-then determined from 0,85 0,94 RpO
the averagp value of LER using table 2. 0,95 1.04 R100
1,05 1,14 R110
1,15 1,24 R120
6.2.3 Acguracy 1,25 1,34 R130
1,35 1,44 R140
The calibration ofithe equipment and processes in- 1,45 1,54 R150
volved in determining ISO range shall be adequate to 1,65 1,64 R160
ensure theg absolute value of the error in LER is less 1,65 1,74 R170
than 0,01 or3-9% whichever s greater: +75 184 R480
1,85 1,94 R190
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Annex A
(informative)

Relationship between the paper range, R, and the effective density range
of the negative

The log exposy,
vides a useful,
papers. It is U
normally obtain
paper is match
negative imag
scene lighting

because paper
give prints that
shapes of the

ent.- Moreover]|

glossy paper (
matt paper cq
Dp.ay) €ven tho
be the same.

ISO range, wh

r Dro-
g

but not a perfect, criterion for grading
seful because a satisfactory print is
ed when the log exposure range of a
ed to the effective density range of the
e, provided that the scene and the
are normal. It is not a perfect criterion
5 with similar log exposure ranges will
differ considerably in appearance if the
paper sensitometric curves are differ-
a negative which prints well on a
Nigh Dpng,) Will print equally well on a
ated with the same emulsion (low
Ligh their log exposure ranges will not

ch is.determined directly from the log

exposure rang

, is therefore a useful guide for sel-

ecting a paper for a negative of known image density
range. The ISQ range should match 100 times the
effective density range of the negative image for a
selected paper, For medium D, papers, an exact
match generally works best. For low D,,, papers;-the

LER should be|slightly less than the negative:density

range in most ¢ases and conversely for high D, ., pa-
pers. This means that to obtain the best pfints from

a =ingle—nega{ive—usiag—t-we—pa-pewueﬁ differ in
D it is necessary in most cases for) fhe lower

D, Paper to have a smaller LER.

When a negative is contact-printed, its eff¢ctive im-
age density range equals its diffuse density| range as
measured by a properly Calibrated trapsmission
densitometer (see 1SO 5).(When an enlarger is em-
ployed, the effective negative density rande will be
greater because of the ‘scattering charactgristic (Q-
factor®) of the negative film. (Stray light typically re-
duces the densityrange by 5 % to 10 %)| A direct
determination 0f“\the effective density range of the
negative cantbe made with a photometer by measur-
ing the maximum and minimum illuminang¢e of the
projected,sharp image on the enlarger ease| and find-
ing theé difference of the logarithm of the illuminances.

ltoshould also be remembered that optimum print
guality depends on aesthetic factors which| can indi-
cate the use of a paper whose log expostire range
differs considerably from the effective dengity range
of the negative. Thus, the use of [the [SO
range/effective density range relationship i$ only ap-
proximate, as a starting point for critical work. The
paper range required should be determined for each
printer/enlarger, developer and paper surfa¢e combi-
nation. - ‘

3) The Callier Q-factor is the ratio of specular density to the diffuse density of a specimen.
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Annex B
(informative)

Relationship between log exposure range and contrast

The negative acts as a modulator, the density range
of which controls the exposure range the paper re-

The impression of image contrast in a final print is in-

fluenced by many factors such as the |

ighting of the

ceives. Th
Standard td
ally corresq
the paper
erly. In tu
shadow ar
photograph

LVVU CANUOUTT O UOUd LLILI thc :IILGIIICILIUI IG:
determine the log exposure range gener-
ond to the largest and smallest exposures
eceives when negatives are printed prop-
n, resultant densities correspond to the
d highlight areas of the original subject
ed. It follows that if the print is to reflect

density gradients recorded in the negative, these

densities s
where a p
exposure T
the LER o
the negativ
printing sh
the effecti

hould modulate the exposure to the paper
bper gradient exists (that is, over the log
ange (LER). It is, therefore, important that
the paper matches the density range of
e. In other words, the paper selected for
buld have an ISO range equal to 100 times
e density range of the negative.

Ul IHIIIGI DUU]C\;L, bllalablcl IQLIUD Ul LIIU
print materials, print viewing conditiong
intended for printing negatives with:the
range can produce images which\appea
ent in contrast because of variations in
mum density, and curve shape.

A contrast measurement from the

curve of the paper is-sometimes useful
product to providé«a ‘desired tonal gradi
An average gradient measurement is
this purpose-which is the slope of the |
tween points+T and S shown in figure 1

Dg— Dy
logs s — 10g10Hr

6:

negative and
, etc. Papers
same density
r quite differ-
surface, maxi-

sensitometric
in selecting a
ent in a print.

suggested for

ne drawn be-
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Annex C
(informative)

Relationship between log exposure range and average gradient

Even though the log exposure range and ISO range

used in this
measures of
ecting the bes
they do not t
density range
sheen. Averag
trast that inclu
range of densi

International Standard are the best

grade of paper for a given negative,
ke into account differences in print
attributable to differences in paper
gradient is a measure of paper con-
Hes both log exposure range and the
ies the paper is capable of producing

and therefore is a useful measurement for comparing
products. When the same basic print emulsion is used

pers, the

glossy paper will have a higher average-gradient and
also a larger log exposure range as @\resuilt of the
larger maximum density. Even though'the tWo papers

have different log exposure ranges;-they will
the best contrast grade for a negative that is
to either paper.

both be
matched
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